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Abstract 1 
Persistent infections, such as cytomegalovirus (CMV), herpes simplex virus-1 (HSV-1), 2 
Helicobacter pylori (H. pylori), and Toxoplasma gondii (T. gondii), are common in the U.S. but 3 
their prevalence varies by socioeconomic status. It is unclear if early or later life socioeconomic 4 
position (SEP) is a more salient driver of disparities in immune control of these infections. Using 5 
data from the Sacramento Area Latino Study on Aging, we examined whether early or later life 6 
SEP was the strongest predictor of immune control later in life by contrasting two life course 7 
models, the critical period model and the chain of risk model. Early life SEP was measured as a 8 
latent variable, derived from parental education and occupation, and food availability. Indicators 9 
for SEP in later life included education level and occupation. Individuals were categorized by 10 
immune response to each pathogen (seronegative, low, medium and high) with increasing 11 
immune response representing poorer immune control. Cumulative immune response was 12 
estimated using a latent profile analysis with higher total immune response representing poorer 13 
immune control. Structural equation models were used to examine direct, indirect and total 14 
effects of early life SEP on each infection and cumulative immune response, controlling for age 15 
and gender. The direct effect of early life SEP on immune response was not statistically 16 
significant for the infections or cumulative immune response. Higher early life SEP was 17 
associated with lower immune response for T. gondii, H. pylori and cumulative immune response 18 
through pathways mediated by later life SEP. For CMV, higher early life SEP was both directly 19 
associated and partially mediated by later life SEP. No association was found between SEP and 20 
HSV-1. Findings from this study support a chain of risk model, whereby early life SEP acts 21 
through later life SEP to affect immune response to persistent infections in older age.  22 
 23 
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Introduction 1 
Lower socioeconomic position (SEP) is linked to poorer individual health outcomes, 2 
though the mechanisms underlying this association are unclear (Adler & Rehkopf, 2008). 3 
Seropositivity and immune response to persistent infections may be one important pathway by 4 
which SEP influences adult health (Roberts et al., 2010; Simanek et al., 2009). Individuals of low 5 
SEP are more likely to acquire persistent infections earlier in life and are more likely to be 6 
seropositive and to have poor immune control (i.e. higher circulating antibody levels) of these 7 
pathogens across the life course (Colugnati et al., 2007; Dowd & Aiello, 2009; Dowd et al., 8 
2009). Common persistent infections, such as cytomegalovirus (CMV), herpes simplex-1 (HSV-9 
1), Helicobacter pylori (H. pylori), and Toxoplasma gondii (T. gondii), have been implicated in 10 
multiple chronic diseases, including cardiovascular disease, cognitive impairment, frailty, and 11 
mortality (Aiello et al., 2006; Draborg et al., 2013; Esposito et al., 2014; Hasni, 2012; Itzhaki et 12 
al., 2004; Jeon et al., 2012; Kang et al., 2004; Schmaltz et al., 2005; Sorlie et al., 2000; Zajacova 13 
et al., 2009). Taken together, the social patterning of these infections may play an important role 14 
in perpetuating socioeconomic disparities in chronic diseases in older age. Whether early life 15 
SEP or later life SEP is most important in terms of shaping immune control of persistent 16 
infections and cumulative immune response to multiple infections later in life has not yet been 17 
elucidated.  18 
There are several life course models by which early life SEP may be operating to 19 
influence immune response to persistent infections during adulthood. Two models, the critical 20 
period model and the chain of risk model, are strong contenders for explaining how early life 21 
SEP influences later life immune response to infection. The critical period model suggests that 22 
an event early in life, acting during a specific period of time, has a lasting independent effect on 23 
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later life health (Kuh, 2004). Under this model, early life SEP may serve as a critical period 1 
exposure altering an individual’s susceptibility to persistent infections as well as their likelihood 2 
of exposure due to unfavorable physical and social environments, directly impacting which 3 
infections one acquires early in life and shaping their likelihood of seropositivity and immune 4 
response to the infection as an adult (Cohen et al., 2004). Increased susceptibility and frequent 5 
exposure may not only lead to infection at a younger age among individuals of low SEP in early 6 
life, but also may influence the development of the immune system by leaving a lasting early life 7 
imprint on adult immunological function (McDade, 2005). For persistent infections, which once 8 
acquired are never cleared from the body, impaired immune control later in life may manifest as 9 
increased production of antibodies targeted against these infections and are reflective of impaired 10 
cell-mediated function (Glaser & Kiecolt-Glaser, 1994).  11 
Alternatively, the chain of risk model posits that exposures are linked over the life course 12 
(i.e. one experience may lead to another) to influence later life health (Kuh, 2004). Under this 13 
model, early life SEP may indirectly affect immune response to persistent infections later in life 14 
by acting through later life socioeconomic exposures. Early life social disadvantage is linked to 15 
subsequent SEP in adulthood, such as educational attainment, employment grade and income 16 
level (Oakes & Kaufman, 2006). Resources and environments corresponding to SEP over the life 17 
course may, similar to early life SEP, influence exposure to persistent infections as well as 18 
contribute to immune function and the ability to maintain immunologic control over persistent 19 
infections. For this reason, low SEP in early life may influence later life immune function 20 
indirectly by setting up a chain of risk leading to low SEP in later life which then contributes to 21 
poor immune function later in life. Thus, in a chain of risk model, later life SEP may mediate the 22 
effect of early life SEP on immune response later in life.  23 
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Limiting our ability to more broadly understand how the life course influences infectious 1 
disease outcomes, most existing studies of the social patterning of persistent infections are 2 
restricted to cross-sectional analyses in which only early life or adulthood SEP was assessed 3 
(Dowd et al., 2009; Dowd et al., 2012; Staras et al., 2008; Zajacova et al., 2009). Of those studies 4 
that have looked at the early life environment, one study suggested that adversity during 5 
childhood may negatively influence the immune system, resulting in poorer control of CMV in 6 
later life (Fagundes et al., 2013). Another study showed an association between poorer family 7 
interpersonal environment during childhood and increased later life immune response to CMV 8 
(Janicki-Deverts et al., 2014). While these studies lend support for a role of early life 9 
environment in later life immunological control, they are limited to few infections, do not 10 
directly measure early life SEP, and no study has examined potential life course models by 11 
which early life SEP influences later life immunological response.  12 
Building upon previous work, this study addresses important gaps in our understanding 13 
of the life course SEP influences on later life immune response to multiple persistent infections. 14 
Applying a life course framework, we contrast the critical period and chain of risk models to 15 
identify the most likely pathway by which early life SEP may be operating to influence immune 16 
response to individual persistent infections and cumulative immune response to multiple 17 
infections during adulthood using data on older U.S. Latinos from the Sacramento Area Latino 18 
Study on Aging (SALSA).  19 
Methods 20 
Sample 21 
The Sacramento Area Latino Study on Aging (SALSA) is a longitudinal cohort study of 22 
1,789 of Mexican Americans living in the Sacramento, California metropolitan area who were 23 
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60-101 years old at baseline in 1998-1999. Detailed information about the recruitment and study 1 
population has been described previously (Haan et al., 2003). The overall response rate was 85% 2 
and more than 89% of eligible households enumerated had a least one person who participated in 3 
the study, making SALSA highly representative of older Hispanics living in Sacramento and the 4 
surrounding suburban and rural counties (Haan et al., 2003).  5 
Data for this study come from the baseline in-home interview. To be included in the 6 
analytic sample, SALSA participants could not have missing data for covariates (age and sex, 7 
N=1,779).  Using full information maximum likelihood methods, participants who had data for 8 
at least one of the six early life SEP indicators or available infection data resulting were 9 
included, resulting in a final sample of 1,562 (87.3%) for the individual infection analyses. The 10 
final sample for the cumulative immune response analysis was limited to individuals with at least 11 
one early life SEP indictor AND infection data for all pathogens (N=1,263, 70.8%).. 12 
Exposures 13 
SALSA participants provided retrospective SEP information for three time points in their 14 
life course, early life, midlife and late life. First, early life SEP was constructed as a latent 15 
variable by using five different indicators used in previous SALSA studies of early life SEP 16 
recalled by the participant and meant to capture the resources and social and physical 17 
environment: father’s education (reference, fixed to 1.0), mother’s education, father’s 18 
occupation, mother’s occupation, and food availability as a child. Parental education was 19 
measured in years. Parental occupation was measured by a 3-level categorical variable 20 
(technical, professional or managerial [high]; sales, administrative support or military [middle]; 21 
and services, manual or housewives [low]) and treated as an ordered hierarchical variable. Food 22 
availability during childhood was ascertained using the question, “When growing up, how often 23 
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did you not have enough to eat?” with Likert item responses and also treated as a continuous 1 
variable. Next, midlife SEP was measured by years of education completed by the SALSA 2 
participant, which is a proxy for economic resources and human capital of the participant in 3 
adulthood. Last, to measure late life SEP, the reported occupation worked by the SALSA 4 
participant for most of their life was categorized as a 4-level ordinal variable (technical, 5 
professional or managerial; sales, administrative support or military; services or manual; or 6 
housewife). Lifetime occupation is representative of later life SEP as it reflects differences in 7 
social status, earning ability and prestige.  8 
Outcomes 9 
Immune Response 10 
Immune response was measured by IgG antibody level values for four pathogens, CMV, 11 
HSV-1, H. pylori, and T. gondii. Details about IgG as a serum biomarker are available in 12 
Appendix A. CMV is a beta herpesvirus and ubiquitous worldwide (Bate et al., 2010). CMV has 13 
co-evolved with humans over time and as a result has developed many mechanisms for immune 14 
evasion (Miller-Kittrell & Sparer, 2009). HSV-1 is a highly common alpha herpesvirus with 15 
adult prevalence ranging from 50 to more than 90% (Strauss & Strauss, 2008). Infections with 16 
HSV-1 are common and are characterized by recurrent oral lesions on the lips, mouth and gums 17 
(Schillinger et al., 2004). T. gondii is an obligate parasite that infects intestinal epithelial cells 18 
and establishes latency with intracellular bradyzoite cysts in muscle and brain cells (Galvan-19 
Ramirez et al., 2010; Jones et al., 2014). T. gondii is also found worldwide with prevalence in 20 
adult populations ranging from 10% - 80% (Yolken & Torrey, 2008). H. pylori is a bacterium 21 
that colonizes the mucosal layer of the gastric epithelium (stomach) and generates a state of 22 
chronic inflammation (Lina et al., 2014). Persistent infection with H. pylori causes gastritis, 23 
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peptic ulcer disease and is associated with other gastric conditions, such as cancer (Lina et al., 1 
2014). 2 
Serum and plasma samples from baseline were tested at the Stanley Neurovirology 3 
Laboratory at Johns Hopkins University School of Medicine using high-throughput solid-phase 4 
enzyme-linked immunosorbent assays (ELISA) to detect pathogen-specific IgG antibody levels. 5 
The ELISA methods have been described previously (Yolken et al., 2011). Briefly, diluted 6 
aliquots of serum were reacted with antigen bound to a solid-phase surface. Quantitation of IgG 7 
for each pathogen was determined by reaction of bound antibodies with enzyme labeled anti-8 
human IgG and enzyme substrate and optical densities were read by spectrophotometric 9 
instrumentation (Dickerson et al., 2003). The sensitivity (Sn) and specificity (Sp) of the assays 10 
are as follows: CMV Sn: 97% Sp: 94%; HSV-1 Sn: 100% Sp: 96%; T. gondii Sn: 94%, Sp: 96%; 11 
H. pylori Sn: 96% Sp: 96%.   12 
Continuous antibody level was categorized by first identifying those who were 13 
seropositive and seronegative to each infection. Seropositivity was determined by standard 14 
cutoffs for each assay such that optical density unit (ODU) values less than 1.1 were classified as 15 
seronegative and values 1.1 or greater were seropositive. Among those seropositive for a given 16 
infection, continuous antibody level values were divided into tertiles and categorized as low, 17 
middle and high antibody level with those in the highest tertile representing those with the worst 18 
immune control of the infection. Based upon both pathogen serostatus and IgG antibody 19 
response we constructed a four-level hierarchical variable representing overall immune response 20 
to each pathogen in which individuals were categorized as: seronegative, low, middle and high 21 
antibody response.  22 
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Cumulative immune response 1 
Cumulative immune response to multiple infections may have a greater influence on disease 2 
processes than immune response towards any one infection. Recent studies suggest that 3 
traditional summary measures of cumulative immune response such as the total number of 4 
pathogens for which individuals are seropositive or exhibit elevated immune response, may not 5 
adequately capture the relative importance of  particular pathogens on health outcomes of 6 
interest (Simanek et al., 2014). For this reason, we constructed a measure of cumulative immune 7 
response from a nominal latent class variable determined by the grouping of CMV, HSV-1, H. 8 
pylori, and T. gondii immune response levels. Specifically, a latent profile analysis (LPA) 9 
measurement model from continuous IgG level (log transformed) with the four infections as 10 
indicators generated latent class membership, as detailed in Appendix B. A three class solution 11 
was selected with membership as follows: the low cumulative immune response group (N=55, 12 
4%) was seronegative to CMV and T. gondii and had low antibody levels to HSV-1 and H. 13 
pylori, the middle cumulative immune response group (N=777, 61%) was seronegative to T. 14 
gondii and had moderate CMV, HSV-1 and H. pylori antibody levels, and the high cumulative 15 
immune response group (N=431, 34%) had moderate antibody levels to all infections. Class 16 
membership was not further adjusted for potential measurement misclassification due to high 17 
entropy (Asparouhov & Muthen, 2014; Feingold et al., 2014). Predicted class membership from 18 
this LPA model was then used as a nominal dependent variable in subsequent analyses. 19 
Covariates 20 
 Covariates of interest included age and gender. Baseline age of participants was 21 
measured in years. Participant gender was categorized as male or female, and male was treated 22 
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as the referent category. Nativity was also adjusted for in sensitivity analyses with U.S. born as 1 
the referent category.  2 
Statistical Analyses 3 
Means, percentages and standard deviations for all variables were calculated using SAS 4 
version 9.3 (SAS Institute, Inc., Cary, NC). Figure 1 depicts the theoretical life course model 5 
connecting early life SEP to late life immune response. The early life SEP latent variable was 6 
used to test three different pathways, 1) direct, independent association of early life SEP on 7 
immune response (pathway A), 2) indirect effect of early life SEP on immune response mediated 8 
by midlife SEP alone (pathway B-C), and 3) indirect effect of early life SEP on immune 9 
response mediated by midlife and later life SEP (pathway B-D-E). We did not include a pathway 10 
from early life SEP directly to later life SEP (life-long occupation) as any effect was likely 11 
mediated by midlife SEP (education). Age and gender were then added to the model with paths 12 
extending to each SEP measurement as well as the outcome to control for potential confounding.  13 
Structural equation modeling (SEM) was used to examine the life course pathways 14 
linking early life SEP to adult antibody level for CMV, HSV-1, H. pylori, T. gondii and 15 
cumulative immune response. SEM is comprised of a measurement model and a structural 16 
model. A measurement model for the latent variable early life SEP was built using five 17 
indicators, father’s education and occupation, mother’s education and occupation, and food 18 
availability. The early life SEP latent variable was then used in two separate structural pathway 19 
models to predict 1) ordinal immune response (i.e. seronegative, low, middle or high antibody 20 
response) for each of the four infections and 2) cumulative immune response class while 21 
adjusting for covariates. 22 
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All SEM analyses were conducted in MPlus version 7.2 (Methuén & Methuén, Los 1 
Angeles, CA). A probit link function, theta parameterization and weighted least squares 2 
estimator (WLSMV) were used to appropriately model ordered categorical outcomes and 3 
categorical mediators for the four separate infections (Muthen, 2012). Multinomial logistic 4 
regression with Monte Carlo integration was used for the cumulative immune response model 5 
with the maximum likelihood (MLR) estimator to produce parameter estimates and standard 6 
errors that were robust to non-normality (Muthen, 2012). Goodness-of-fit for the final models 7 
was obtained using the root mean squared error of approximation (RMSEA) and comparative fit 8 
index (CFI). Models with a CFI above 0.90 and an RMSEA of less than or equal to 0.05 were 9 
considered to fit well. Model goodness-of-fit measures were not available for the cumulative 10 
immune response analysis due to the use of Monte Carlo integration.   11 
Based on previous imputation procedures we consider the data in these analyses to be 12 
missing at random (MAR) and that age, gender and education likely explained the missing data 13 
(Haan et al., 2011; Zeki Al Hazzouri et al., 2011). Age and gender may have influenced the 14 
ability or desire to give a biospecimen during data collection and consequently the individuals 15 
for whom we had infection data. Age may also be related to recall of early life SEP. Education 16 
level commonly predicts missing information (Acock, 2013). Since age, gender and education 17 
were all included in the final models, we did not include any additional auxiliary variables to 18 
meet MAR criteria (Acock, 2013). Sensitivity analyses were performed using traditional 19 
regression and mediation techniques and similar effects sizes to the SEM results were observed 20 
(Hayes, 2013).  21 
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As a sensitivity analysis, we assessed nativity as a potential confounder, assuming 1 
nativity was associated with immune response (through some unspecified mechanism 2 
independent of SEP) and was also associated with SEP. Potential mechanisms by which nativity 3 
may influence immune response include nutrition and dietary behavior differences by place of 4 
birth. We examined whether nativity was associated with early life SEP and immune function, 5 
respectively, for each infection. Potential confounding by place of birth was only indicated for T. 6 
gondii, therefore, the SEM was re-run additionally controlling for nativity.  7 
Results 8 
Baseline descriptive statistics of individuals included in this analysis are shown in Table 9 
1. The sample had a mean age of 70 years and 58% were female. A total of 84% were 10 
seropositive for CMV, 91% for H. pylori, 87% for HSV-1, and 35% for T. gondii.  11 
Measurement Models  12 
Unstandardized and standardized factor loadings for the early life SEP measurement 13 
model are presented in Supplemental Table 1. For early life SEP, all five indicators were 14 
statistically significant at p<0.05 and the measurement model fit was appropriate (RMSEA=0.05, 15 
CFI=0.94). The LPA measurement model for cumulative immune response from the four 16 
infection indicators produced a three class solution detailed in Appendix B, Supplemental Table 17 
2 and Supplemental Table 3.  18 
SEM Models: Direct, Indirect and Total Effects of Early Life SES  19 
A general SEM path diagram is depicted in Figure 2 for immune response to each 20 
infection and in Figure 3 for cumulative immune response. Direct, indirect and total effects of 21 
early life SEP on each of the four infection outcomes, CMV, HSV-1, T. gondii, and H. pylori are 22 
summarized in Table 2. All models fit the data well. The pathway connecting early life SEP to 23 
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immune response adjusting for all other pathways and covariates was not statistically significant 1 
in final models for any of the four infections. Early life SEP was found to indirectly influence 2 
immune response through pathways mediated by later life SEP for T. gondii and H. pylori. No 3 
association was found between early life SEP and immune response to HSV-1. 4 
 Early life SEP was associated with immune response to CMV when all pathways, direct 5 
and indirect, were considered collectively (model fit indices: RMSEA=0.031, CFI=0.956).  For 6 
this total effect, a one standard deviation increase in early life SEP (one standard deviation is 7 
approximately 4 years of father’s education) decreased the mean of the underlying variable for 8 
CMV antibody level by 0.11 standard deviations holding all covariates constant (p=0.02).  9 
The effect of early life SEP on T. gondii immune response was mediated by later life SEP 10 
pathways such that a one standard deviation increase in early life SEP (4 years of father’s 11 
education) indirectly decreased the mean of the underlying variable for T. gondii antibody level 12 
by 0.10 standard deviations holding all covariates constant (p=0.003, model fit indices: 13 
RMSEA=0.031, CFI=0.962). When this indirect effect was decomposed into the education 14 
pathway and the education-occupation pathway, education was found to drive this association 15 
(p=0.002).  Further, the pathway from education directly to T. gondii immune response was 16 
statistically significant; a one standard deviation increase in education, 5.35 years, decreased the 17 
mean of the underlying variable for T. gondii antibody level by 0.21 standard deviations, holding 18 
all else constant (p=0.001). Sensitivity analysis indicated that nativity may be a potential 19 
confounder of the SEP – T. gondii immune response association. When we additionally 20 
controlled for nativity in the SEM, effect estimates were attenuated and the indirect effect of 21 
early life SEP through the education pathway and the direct effect of education became 22 
marginally significant (p=0.07 and p=0.06 respectively) as shown in Supplemental Table 4. 23 
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Early life SEP was associated with immune response to H. pylori via the education-1 
occupation pathway. A one standard deviation increase in early life SEP decreased the mean of 2 
the underlying variable for H. pylori antibody level by 0.03 standard deviations, holding all else 3 
constant (p=0.005, model fit indices: RMSEA=0.032, CFI=0.946). The pathway from lifetime 4 
occupation to H. pylori antibody level was statistically significant such that a one category 5 
increase in occupation decreased the mean of the underlying variable for H. pylori level by 0.11 6 
standard deviations, holding all else constant (p=0.004). 7 
Table 3 shows the direct, indirect and total effects of the early life SEP latent variable on 8 
cumulative immune response. In the multinomial logistic regression model, comparing the 9 
lowest cumulative immune response group to the highest cumulative immune response group 10 
and the middle cumulative immune response group to highest cumulative immune response 11 
group, no statistically significant independent direct effect of early life SEP was found on 12 
cumulative immune response class. When considering pathways mediated by later life SEP, 13 
small, statistically significant associations were observed. Through all indirect pathways, for a 14 
one unit increase in early life SEP, the odds of being in the lowest cumulative immune response 15 
group (low immune response to HSV-1 and H. pylori only) were 1.11 times the odds of being in 16 
the highest cumulative immune group (moderate immune response to all infections), holding 17 
covariates constant (p=0.04). This total indirect effect was decomposed into an indirect pathway 18 
via education only and an indirect pathway via education and lifetime occupation. The pathway 19 
via education only was shown to drive this association (OR=1.10, p=0.04). In addition, education 20 
was found to directly influence cumulative immune response class for both the lowest v. highest 21 
cumulative immune response (OR=1.09, p=0.05) and middle v. highest cumulative immune 22 
response (OR=1.06, p=0.01) comparisons. 23 
17 
 
Discussion 1 
We examined the association between life course SEP and immune response to persistent 2 
infections and cumulative immune response. Two life course models, the critical period and the 3 
chain of risk, were evaluated to determine how life course SEP impacts immune response to four 4 
persistent infections associated with chronic health conditions later in life. Early life SEP was not 5 
independently associated with immune response in older age for any of the four persistent 6 
infections included in this study or the cumulative immune response to these infections. Instead, 7 
higher later life SEP, as measured by education and lifetime occupation, mediated the effect of 8 
early life SEP on immune response. These findings support a chain of risk model, whereby early 9 
life SEP influences later life SEP, which in turn, impacts immune control of these infections.  10 
 Education, in particular, may be a key link in the socioeconomic chain of risk. This may 11 
be due to the far-reaching influence of higher educational attainment on the potential for 12 
subsequent higher SEP exposures, such as higher occupational status, higher income level and 13 
increased wealth. Higher education also contributes to the development of health capital and 14 
better health behaviors, potentially reducing individual susceptibility or improving 15 
immunological function through, for example, better nutrition. In addition, higher educational 16 
attainment and higher later life SEP may act as a buffer by reducing the number and severity of 17 
stressors, which may impact the frequency of reactivation to persistent infections. Therefore, 18 
early life conditions may set the stage to enhance or prevent educational achievement, which has 19 
life-long consequences for social advantage or disadvantage, influences disparities in immune 20 
response to persistent infections, and general health overall. These findings have key public 21 
health implications because higher adult immune response to these infections has been associated 22 
with mortality and chronic health conditions (Aiello et al., 2009; Aiello et al., 2006; Dickerson et 23 
18 
 
al., 2003; Esposito et al., 2014; Simanek et al., 2009). Moreover, there are significant disparities 1 
in these infections by race/ethnicity, indicating that minority populations are more likely to 2 
experience detrimental impacts of poor life course SEP on immune response which may affect 3 
overall health and increased mortality.  4 
Of the four persistent infections examined in this study, early life SEP may be most 5 
important for later life immune response to CMV. Early life SEP was inversely associated with 6 
CMV immune response after adjusting for covariates but not mediators. Though the independent 7 
effect of early life SEP controlling for all mediating pathways was not statistically significant, 8 
the role early life may play for acquiring CMV and subsequent immune control of this infection 9 
is not diminished. CMV is generally acquired early in life through direct contact with infected 10 
body fluids (Centers for Disease Control and Prevention, 2010). Cross-sectional evidence shows 11 
racial and socioeconomic disparities exist for CMV seroprevalence and IgG antibody levels that 12 
begin at young ages (Dowd et al., 2012). In addition, immune response to CMV increases with 13 
age and lower SEP (Dowd & Aiello, 2009), and Mexican Americans on average acquire CMV 14 
10 years earlier than non-Hispanic Whites (Colugnati et al., 2007). Low SEP in early life may 15 
result in earlier infection with CMV and fewer resources available to manage the infection, 16 
increasing the frequency of reactivation over the life course. More frequent reactivations may 17 
produce negative downstream biological effects, including inducing inflammation and the 18 
exhaustion of cell mediated immunity (immunosenescence) (Pawelec et al., 2006). 19 
Our study findings also suggest there may be evidence for a “trigger effect” for immune 20 
response to T. gondii and H. pylori. A trigger effect occurs in a chain of risk where only the final 21 
link in the chain has a marked effect on the outcome (Ben-Shlomo & Kuh, 2002).  We observed 22 
a direct effect of adulthood education on immune response to T. gondii independent of all other 23 
19 
 
pathways. This may mean that educational attainment is a trigger for immune control of T. 1 
gondii later in life. The direct effect of education and the indirect effect of early life SEP through 2 
the education pathway was attenuated and made marginally significant by additionally 3 
controlling for nativity. Of note, T. gondii is transmitted through cat feces, under cooked meat, 4 
contaminated water or may be inhaled or ingested directly through soil (Torrey & Yolken, 2013). 5 
It is therefore possible that T. gondii immune response may differ by country, if these potential 6 
exposure routes are unrelated to socioeconomic differences. Better education may not only 7 
prevent exposure to T. gondii through knowledge of these transmission pathways, but it also may 8 
represent better access to other resources, such as health care, which influences overall health 9 
and immune system function later in life.  10 
Similarly, we observed a direct effect of lifetime occupation on immune response to H. 11 
pylori independent of all other pathways and that early life SEP was only associated with this 12 
outcome through the education-occupation pathway. Occupation may, therefore, be a trigger for 13 
immune control of H. pylori later in life. This is consistent with previous studies, which have 14 
shown that manual or unskilled workers have higher odds of H. pylori infection than non-manual 15 
workers (Moayyedi et al., 2002; Rosenstock et al., 1996). Lower occupational levels may 16 
increase the virulence of H. pylori as well as interfere with the immune response to infection 17 
through increased energy expenditure or other pathways (Rosenstock et al., 1996). In addition, a 18 
recent study found that the inability for employees to make decisions affecting the experience of 19 
fairness was associated with increased long-term levels of inflammatory markers CRP and IL-6 20 
among men (Elovainio et al., 2010). A systematic review of psychosocial job stress and 21 
immunity found that greater job satisfaction may have a positive impact on immune outcomes 22 
and that unemployment and job security are significant factors leading to reduced cellular 23 
20 
 
immune response (Nakata, 2012). Thus, lower occupational status may influence immunological 1 
control of H. pylori, potentially through inflammatory pathways, and result in decreased 2 
resources to handle stress and its negative health consequences. Alternatively, jobs that do not 3 
provide health care coverage may result in fewer doctor visits associated with H. pylori infection. 4 
H. pylori is associated with peptic ulcer disease and can be treated with a combination of proton 5 
pump inhibitors and antibiotics (Grad et al., 2012). Our study did not directly diagnose H. pylori 6 
infection but IgG antibody levels to the infection indicate an initial or lasting immune response 7 
to the infection once it has cleared (Grad et al., 2012). Treatment for H. pylori or other incidental 8 
antibiotic use may result in seroreversion or decreased measurable antibody levels (Grad et al., 9 
2012). As a result, higher SEP and health care access due to employment with health care 10 
benefits may result in lower immune response to H. pylori. 11 
Education was also found to mediate the effect of early life SEP on cumulative immune 12 
response; those with higher education were more likely to have better cumulative immune 13 
control. Lower SEP during early life and midlife may impact individual susceptibility and 14 
patterns of exposure to these infections, as well as immunological control over the life course. 15 
Children with lower SEP may have worse housing conditions and poorer hygiene than children 16 
with higher SEP, increasing the likelihood of exposure and acquisition of multiple persistent 17 
infections. Further, co-infection may not only increase the risk of infection to other pathogens, 18 
but also increase the severity of subsequent infections (Espinola-Klein et al., 2002; Rubicz et al., 19 
2011). Indeed, recent studies provide convincing evidence that the measles virus reduces 20 
immune response after initial infection leading to heightened susceptibility to other infections 21 
and this may explain why childhood measles vaccination led to dramatic reductions in infections 22 
with other pathogens in childhood (Griffin, 2010). Likewise, seropositvity to multiple persistent 23 
21 
 
infections may contribute to morbidity over and above the influence of each infection alone 1 
through additional tolls placed on the immune system and activation of inflammatory pathways 2 
(Aiello et al., 2009). These results reinforce the importance of education for reducing exposure to 3 
persistent infections and suggest improving educational attainment as a potential target for public 4 
health intervention aimed at reducing disparities in these infections. Other potential targets may 5 
include the development of vaccinations or treatments for the pathogens that do not currently 6 
have either of these public health or medical measures.  7 
This study has some limitations. The SALSA study may be subject to survivor bias 8 
because participants were at least 60 years of age at baseline; participants may be healthier and 9 
have better control of persistent infections than those who did not survive to enrollment, biasing 10 
our results towards the null. In addition, early life SEP measures are prone to recall bias. 11 
However, reporting of early life SEP is unlikely to vary by immune response, as individuals are 12 
unlikely to be aware of their serostatus and immunological response to infection. None of these 13 
infections are routinely diagnosed in populations unless they are associated with overt 14 
symptoms, such as peptic ulcer disease. A previous study in the SALSA cohort found that only 15 
0.8% were taking antibiotics to treat H. pylori infection and among those seropositive to H. 16 
pylori 11% reported taking medications for acid suppression, peptic disorders, or antacids at the 17 
time of data collection for this study (Jeon et al., 2012).  In this elderly cohort, poor cognition 18 
may influence the recall of early life SEP but we expect this to be non-differential with respect to 19 
level of SEP, biasing estimates toward the null. As with many studies of infections, we have no 20 
information on primary infection timing. While it is possible infections acquired earlier in life 21 
may influence later life SEP attainment, this does not prevent us from examining the role of SEP 22 
over the life course in relation to immune control later in life. Further, without infection timing, 23 
22 
 
we were unable to investigate potentially protective health effects that these pathogens may have 1 
in early life (Amberbir et al., 2014; Rook, 2012). This purpose of this study was to determine the 2 
role of early life SEP in the social patterning of immune response to persistent pathogens. The 3 
clinical significance of a change in antibody level to the chronic infections examined here has no 4 
direct correlate with common measures of immune functioning (e.g. vaccine response) because 5 
there are currently no vaccinations for any of these infections. As a surrogate, we compared our 6 
results to vaccination with varicella zoster virus (VZV), which is another herpesvirus that affects 7 
children and adults. Vaccination of adults with VZV results in a geometric increase of 2.3 8 
compared to control subjects (Gilbert et al., 2014). Interpreting our results in light of this 9 
immune response to VZV vaccine, we observed a CMV antibody level geometric mean decrease 10 
of 0.22 for those with both high early life SEP and high midlife SEP relative to all others (in the 11 
case of chronic infection, a lower antibody level is protective).  This corresponds to a 10th of 12 
what one would observe when directly vaccinating an adult with VZV and is equal to a 12% 13 
lower CMV antibody level for those in the highest SEP, suggesting a potential clinically 14 
meaningful change, especially in light of the fact that we did not directly vaccinate individuals. 15 
However, this interpretation should be made with caution given that immune response to a CMV 16 
vaccine, if ever developed, may not show the same change in antibody level as VZV. VZV was 17 
not directly measured in this study because there is a vaccine available and it would be 18 
impossible to disentangle a vaccine response versus natural immune response. Natural immune 19 
response was observed for the pathogens included in this study—a strength of our work, since 20 
there are no available vaccines. It is not possible to compare surrogate vaccine responses for H. 21 
pylori or T. gondii immune response since there are no similar vaccines. Future vaccine 22 
challenge studies should consider collecting life course SEP data to assess the influence of these 23 
23 
 
factors on vaccination response in adulthood with clinically significant immune response 1 
outcomes. Finally, there are additional persistent infections for which we do not have data, 2 
however, the four that we studied are important to understand because they are associated with 3 
chronic health outcomes and more prevalent among Latino populations (Aiello et al., 2006; 4 
Hasni, 2012; Simanek et al., 2009; Simanek et al., 2011; Sorlie et al., 2000; Zhu et al., 2000).  5 
Despite these limitations, this study has many strengths. We use a life course approach to 6 
determine how early life social environment influences immune response to persistent infections 7 
later in life in a well-characterized cohort of predominantly Mexican Americans, limiting the 8 
influences of significant heterogeneity present among Latino populations. SALSA is a large 9 
cohort with rich data both on life course SEP and immune response to persistent pathogens. 10 
Samples were tested at a reliable laboratory using validated methods. Using SEM, we maximized 11 
the use of available SEP information, incorporated measurement error into the modeling process 12 
and estimated pathway specific effects and standard errors.  13 
This study adds to the growing literature showing that childhood may not be an 14 
independent critical period for SEP exposures in relation to later life health outcomes, and 15 
instead the beginning of multiple mediating pathways that ultimately influence adult health. 16 
Future research should expand on this work to examine the effects of nativity and acculturation, 17 
important components of social and racial/ethnic disparities in health, as independent predictors 18 
of immune response, as well as modifiers of the life course social patterning of immune response 19 
to persistent infections. In addition, other life course models, such as the social mobility model, 20 
may also fit these relations of interest and provide insight into whether later life SEP partially or 21 
entirely remediates or modifies low early life SEP exposure. Lastly, given the complex 22 
relationship between the gut microbiome, infection and immune response, future research should 23 
24 
 
consider additional microbial pathways that may be linked to SEP and ultimately affect immune 1 
response over the life course.  2 
Conclusion 3 
Numerous studies have demonstrated that disparities exist in the seroprevalence and 4 
immune control of persistent infections by SEP beginning early in life, suggesting childhood 5 
may be an important period during the life course for acquiring and establishing control of 6 
persistent infections. Our study found that higher immune response to chronic infections later in 7 
life is not just a function of disadvantage during early life, but instead reflects the end result of a 8 
chain of socioeconomic disadvantage throughout the life span. Our findings suggest that 9 
interventions targeting increased educational attainment as a modifiable risk factor may be 10 
effective for improving immune control of persistent infections later in life. Moreover, 11 
understanding the life course SEP pathways that influence immune response to persistent 12 
infections may help shed light on why chronic disease disparities associated with these infections 13 
appear to persist by SEP over time and across generations in the U.S. 14 
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Figure 1. Life course model of the association between early life SEP and adult immune response to common persistent pathogens 
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Figure 2. General diagram of SEM for indirect and direct effects of early life SEP on immune response 
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Figure 3. General diagram of SEM for indirect and direct effects of early life SEP on cumulative immune response 
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Table 1. Descriptive statistics for the Sacramento Area Latino Study on Aging (SALSA) at 
baseline 
 Variable N Mean or % SD 
Early Life SEP    
Father's Education (years) 732 3.35 4.18 
Mother's Education (years) 827 3.37 3.12 
Father's Occupation 1132   
    High 88 7.80  
    Middle 54 4.80  
    Low 990 87.50  
Mother's Occupation 1227   
    High 41 3.30  
    Middle 15 1.20  
    Low 1171 95.40  
Food Availability 1249 4.55 0.98 
Sibling Mortality 1247 1.26 1.14 
Midlife SEP    
Education (years) 1562 7.53 5.35 
Late Life SEP 1542   
Technical, Professional or Managerial 182 11.80  
Sales, Administrative Support or Military 172 11.15  
Services or Manual 907 58.82  
Housewives 281 18.22  
Covariates    
Age (years) 1562 70.34 6.93 
Female 1562 58.00 0.49 
Seropositive    
CMV 1263 84.00 0.36 
T. gondii 1263 35.00 0.48 
H. pylori 1263 91.00 0.28 
HSV-1 1263 87.00 0.34 
Cumulative Immune Response  1263   
Low Group 55 4.00  
Medium Group 777 61.00  
High Group 431 35.00  
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Table 2. Standardized direct and indirect effects of SEP on later life immune response, N=1562 
 Persistent Infection 
  CMV p-value HSV-1 p-value T. gondii p-value H. pylori p-value 
Early Life SEP          
Total Effect  -0.108 0.018 -0.067 0.164 0.014 0.813 -0.072 0.127 
Direct Effect  -0.086 0.185 -0.077 0.254 0.115 0.165 -0.078 0.231 
Total Indirect Effect  -0.023 0.405 0.01 0.725 -0.101 0.003 0.006 0.831 
Decomposition of Indirect Effects         
via Education  -0.024 0.441 -0.001 0.962 -0.119 0.002 0.037 0.211 
via Education and Occupation  0.001 0.949 0.011 0.301 0.067 0.142 -0.031 0.005 
Midlife SEP         
Direct Effect of Education  -0.041 0.442 -0.003 0.962 -0.209 0.001 0.065 0.206 
Late Life SEP         
Direct Effect of Occupation  0.003 0.949 0.042 0.299 0.067 0.142 -0.114 0.004 
Model Fit         
RMSEA 0.031  0.031  0.031  0.029  
CFI 0.956   0.962   0.96   0.965   
All models adjusted for age and sex. Bold is statistically significant at p=0.05. 
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Table 3. Life course SEP effects on later life cumulative immune response 
 
 Cumulative Immune Response 
 Low v. High 
(N=1263) 
Middle v. High 
(N=1263)   
 OR p-value OR p-value 
Early life SEP     
Total Effect  1.17 0.06 0.83 0.11 
Direct Effect  1.05 0.64 0.93 0.16 
Total Indirect Effect  1.11 0.04 0.89 0.08 
Decomposition of Indirect Effects     
via Education  1.10 0.05 0.92 0.16 
via Education and Occupation  1.02 0.73 0.97 0.17 
Midlife SEP     
Direct Effect of Education  1.09 0.05 1.06 0.01 
Late Life SEP     
Direct Effect of Occupation  1.07 0.73 0.89 0.16 
All models adjusted for Age and Sex 
Standardized Estimates. Bold is statistically significant at p=0.05 
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Appendix A. 
Immune Response 
Lasting immune response is measured by the amount of IgG antibody to the specific 
pathogen circulating in the blood. IgG is a serum biological marker indicating that an individual 
received sufficient exposure to the pathogen to activate the adaptive immune response at some 
point over the life course. Recent infection is measured by IgM, however this antibody isotype is 
short-lived and difficult to capture in a population-based study. Moreover, recent infections with 
CMV, HSV-1, H. pylori and T. gondii  in older age are generally rare in the U.S. as a majority of 
individuals are exposed at a young age (childhood-adolescence) and even earlier in Mexican 
Americans. Persistent infections establish residence in the body after initial infection and 
periodically reactivate inducing an increase in IgG antibody response. For these reasons, elevated 
measures of IgG levels among older age individuals are likely due to reactivation of a pathogen 
from exposure to stressor or age-related changes in immune competence. 
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Appendix B. 
LPA Measurement Model 
Supplementary Table 1 shows the results of the LPA measurement model for cumulative 
immune response from the four infection indicators for a one, two, three, four and five class 
solution. The best class number solution was determined based on comparison of standard fit 
measures, including the Baysian Information Criterion (BIC), sample size adjusted BIC, the Lo, 
Mendell and Ruben log-likelihood ratio test, and the bootstrapped log-likelihood ratio test 
(BLRT), as well as judgment on the nature of the groups (mean antibody level) and their 
interpretability in relation to theory and previous research (Marsh et al., 2009).  Fit statistics were 
used to first compare all possible solutions. The three and four class solutions emerged as 
suitable for the data as the Lo, Medell, Rubin LRT was not statistically significant for the five-
class solution. Then, the mean IgG level values for each group were reviewed for the three class 
and four class solution. Upon considering the nature of the groups and their interpretability, as 
well as prior research, a three class solution was deemed most appropriate even though the Lo, 
Mendell, Rubin LRT and the BLRT suggested that the four class solution was a numerical 
improvement over the three class solution. Class membership for this solution is as follows: the 
low cumulative immune response group (N=55, 4%) was seronegative to CMV and T. gondii 
and had mean IgG antibody levels to HSV-1 and H. pylori in the lowest tertile, the middle 
cumulative immune response group (N=777, 61%) was seronegative to T. gondii and had mean 
CMV, HSV-1 and H. pylori IgG antibody levels in the middle tertile, and the high cumulative 
immune response group (N=431, 34%) had mean IgG antibody levels in the middle tertile to all 
infections. The mean IgG antibody level for each infection within each class group is reported in 
Supplementary Table 2. The three class solution had high entropy (0.88), indicating good class 
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separation. Predicted class membership was extracted and then used as a nominal dependent 
variable in the SEM analysis with high cumulative immune response as the referent category. 
 
38 
 
Supplemental Table1. Measurement model for early life SEP, model fit: RMSEA=0.05, CFI=0.94 
Indicator Loadings Unstandardized Estimate SE 
Standardized 
Estimate SE 
Father's Education  1.00 (fixed)   0.73 *** 0.054 
Mother's Education 0.763 *** 0.113 0.652 *** 0.049 
Father's Occupation 0.036 *** 0.028 0.437 *** 0.054 
Mother's Occupation 0.153 *** 0.029 0.380 *** 0.071 
       
Food Availability 0.036 * 0.015 0.117 * 0.049 
*Significant at p<0.05, **Significant at p<0.01, ***Significant at p<0.001 
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Supplemental Table 2. Measurement models for cumulative immune response from LPA with log continuous IgG level indicators for 
four infections (n=1263) 
Model Fit Measure 1 Class 2 Class 3 Class 4 Class 5 Class 
AIC 10112 9747 9653 9507 9435 
BIC 10153 9814 9745 9626 9579 
Sample Size Adjusted BIC 10128 9773 9688 9552 9489 
Entropy n/a 0.875 0.879 0.836 0.856 
Lo, Mendell, Rubin LRT n/a 
365 
(p<0.001) 102 (0.02) 
151 
(p<0.001) 80 (0.06) 
Bootstrapped Likelihood Ratio 
Test n/a p<0.001 p<0.001 p<0.001 p<0.001 
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Supplemental Table 3. Mean IgG levels for the cumulative immune response three class measurement model solution (n=1263)  
 Mean IgG Level (ODU) 
Cumulative Immune 
Response CMV 
HSV-
1 H. pylori T. gondii 
Low Group 0.05 1.67 2.57 0.40 
Medium Group 2.02 2.10 3.15 0.47 
High Group 1.85 2.16 3.24 2.37 
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Supplemental Table 4. Standardized direct and indirect effects of SEP on later life immune response to T. gondii controlling for age, 
sex and nativity, N=1562 
  T. gondii p-value 
Early Life SEP   
Total Effect  0.031 0.599 
Direct Effect  0.084 0.319 
Total Indirect Effect  -0.053 0.14 
Decomposition of Indirect Effects   
via Education  -0.07 0.071 
via Education and Occupation 0.017 0.137 
Midlife SEP   
Direct Effect of Education -0.132 0.067 
Late Life SEP   
Direct Effect of Occupation 0.067 0.133 
Model Fit   
RMSEA 0.037  
CFI 0.953  
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Supplemental Figure 1. Diagram of SEM for standardized direct and indirect effects of early life SEP on later life immune response to 
CMV, adjusted for age and gender, N=1562 
 
 
 
  
CMV 
Total Effect of Early Life SEP: -0.108* 
Early Life SEP Indirect Effect via Education: -0.024 
Early Life SEP Indirect Effect via Education & Occupation: 0.001 
Model Fit: RMSEA: 0.031; CFI: 0.956 
-0.086 
-0.041 
0.003 0.572** 
0.480** 
*p<0.05, **p<0.01 
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Supplemental Figure 2. Diagram of SEM for standardized direct and indirect effects of early life SEP on later life immune response to 
T. gondii, adjusted for age and gender, N=1562 
 
 
 
  
T. gondii 
Total Effect of Early Life SEP: 0.014 
Early Life SEP Indirect Effect via Education: -0.119** 
Early Life SEP Indirect Effect via Education & Occupation: 0.067 
Model Fit: RMSEA: 0.031; CFI: 0.960 
0.115 
-0.209** 
0.067 0.571** 
0.480** 
*p<0.05, **p<0.01 
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Supplemental Figure 3. Diagram of SEM for standardized direct and indirect effects of early life SEP on later life immune response to 
H. pylori, adjusted for age and gender, N=1562 
 
 
 
 
 
 
 
 
 
H. pylori 
Total Effect of Early Life SEP: -0.072 
Early Life SEP Indirect Effect via Education: 0.037 
Early Life SEP Indirect Effect via Education & Occupation: -0.078** 
Model Fit: RMSEA: 0.029; CFI: 0.965 
-0.078 
0.065 
-0.114** 0.571** 
0.480** 
*p<0.05, **p<0.01 
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Supplemental Figure 4. Log Odds (SE) for SEM Model of Low v. High Cumulative Immune Response adjusted for age and gender, 
N= 1263 
 
  
0.05 (0.10) 
Total Effect of ChildSEP on Low v. High Cumulative Immune Response: 0.16 (0.08) 
Total Indirect Effect of ChildSEP on Low v. High Cumulative Immune Response: 0.11 (0.05)* 
 Indirect Effect via Education Pathway: 0.09 (0.05)* 
 Indirect Effect via Education-Occupation Pathway: 0.02 (0.04) 
0.08 (0.04)* 1.14 (0.13)*** 
0.19 (0.01)*** 
0.07 (0.20) 
‡ Modeling Low v. High Cumulative Immune Response Class 
* Significant at p=0.05; ** Significant at p=0.01;*** Significant at p=0.001 
ǂ 
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Supplemental Figure 5. Log Odds (SE) for SEM Model of Middle v. High Cumulative Immune Response adjusted for age and gender, 
N= 1263 
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Total Effect of ChildSEP on Middle v. High Cumulative Immune Response : -0.20 (0.12) 
Total Indirect Effect of ChildSEP on Middle v. High Cumulative Immune Response: -0.12 (0.06) 
 Indirect Effect via Education Pathway: -0.09 (0.06) 
 Indirect Effect via Education-Occupation Pathway: -0.03 (0.02) 
-0.08 (0.05) 
† 
0.06 (0.02)** 1.14 (0.13)*** 
0.19 (0.01)*** 
-0.12 (0.08) 
† Modeling Middle v. High Cumulative Immune Response Class 
* Significant at p=0.05; ** Significant at p=0.01;*** Significant at p=0.001 
